muscle mass; carcass fat; muscle cell number; muscle cell size; skeletal collagen; liver; nucleic acids IT IS KNOWN THAT the rate of growth in mammals is retarded under conditions of high altitude or in the presence of reduced atmospheric oxygen (12, 21, 22) . The food intake of rats in the presence of 9-l 1 % atmospheric oxygen from 3 to 6 weeks of age falls to 77 % of normal while activity is reduced (14) . The DNA content of muscle and liver does not increase during this period and the ratio of protein: DNA (cell size) is greater than for the normal rat. However, the changes in the tissues do not differ markedly from those found in pair-fed rats residing in a normal atmosphere. Removal of rats from the hypoxia chamber produces a return to normal growth. The ability of many fetal and newborn mammals to withstand severe hypoxia for some days is well established (16, 19, 26) . H owever, acute asphyxia during the neonatal period in primates is known to cause histological changes in the Purkinje cells (23, 27) while hypotensive episodes in the human adult or in Macacus rhesus can cause damage to the cerebellum, cerebral cortex (1, 4, 5) (particularly the third layer), and sometimes to the hippocampus. The present study was undertaken to determine if chronic hypoxia for the 1st week of life caused immediate brain damage in the rat and the possible changes in the composition of brain, liver, muscle, and carcass some weeks after the insult.
The findings were compared with those from rats subjected to undernutrition by overcrowding the litters in a normal atmosphere from 1 to 7 days or from 1 to 21 days .
Experimental
The hypoxia chamber was 3x3x3 ft and was maintained at 80 F. A 1: 1 mixture of room air and nitrogen was introduced to maintain the content of oxygen at 12 % and the rate of flow was adjusted to prevent the carbon dioxide accumulation as described for previous work (14). The oxygen concentration was monitored every 2 days. a) Hypoxic rats. Nine to twelve hours after birth, three litters of Sprague-Dawley rats (10 rats/litter), with the lactating mothers, were placed in separate cages and transferred to the chamber. Purina chow and tap water were available.
The litters were removed for a few minutes on the 2nd and 5th day of age to record the body weight. All litters were removed from the chamber on the 7th day. One litter was then killed and the brains of the male rats were quickly removed for analysis. A 2nd litter was allowed to grow at room temperature (72 F) and in a normal atmosphere until 21 days of age. The males were then killed and the brain removed.
The 3rd litter was also returned to normal conditions but, after weaning at 21 days, the rats were given an ad libitum diet until 35 days of age. At this time the male rats were killed and subjected to more complete analyses. The cerebrum (including the midbrain) was separated from the cerebellum by a single incision. The liver was removed and also a sample of the quadriceps muscle, and the carcass (eviscerated rat minus skin) was set aside for analyses.
b) Protein-calorie restricted rats. Three litters of rats were taken and reconstituted into two litters of 17 pups. The first undernourished litter was then maintained until the 7th day when the number of pups was reduced to 10. They were weaned at 21 days and given an ad libitum diet until 35 days of age. At this time the male rats were killed and subjected to the same analyses as described above for 35-day-old rats. The second undernourished litter was maintained until the 2 1st day, at which time the male rats were killed and their brains removed for analysis. c) Con&o2 rats. Normal male rats from litters of 10 were killed at 1, 7, 9, 14, and 2 1 days of age for study of brain tissue. At 35 days of age a further group of male rats fed an ad libitum diet was subjected to analysis of cerebrum, cerebellum, liver, muscle, and carcass as for the rats a and b. 
Normal
The growth curve comprising the mean weights of the rats exposed to hypoxia (described hereafter as hypoxic rats) or to overcrowding (undernourished rats) from 1 to 7 days is shown in Fig. 1 . At 7 days, control rats weighed 2 1.5 g, undernourished rats 12 g, and hypoxic rats 8 g. At 35 days, overcrowded rats reached expected body weight, but those exposed to hypoxia weighed 15 g less (P < 0.001). Their weight curve showed no suggestion of "catch-up" growth. I) Changes in brain at 7 and 21 days- Table  1 . The rats subjected to hypoxia had only half the brain weight, protein, and DNA content of the normal rat at 7 days of age. However, by comparison with l-day-old rats, the brain weight and protein doubled but the DNA content was the same. Hence, the ratio of protein : DNA doubled.
Rats malnourished for 21 days had the same brain weight as 21 -day-old rats exposed to hypoxia from l-7 days. The protein and DNA contents were similar, but significantly less than the values for normal 2 1 -day-old rats (P < 0.001). The body weight of the rats undernourished for 21 days reached only 30 g while the value for the hypoxic rats was 43 g in contrast to the equal weights found for the brain in the two groups. 1. Growth curves, from 1 to 35 days, of male rats exposed to either 12% oxygen from 1 to 7 days, or to malnutrition (by overcrowding litters) from 1 to 7 days. Normal rats are also included. Values are means =t SD. Carcass = total muscle + skeleton. Muscle mass = . 1 carcass noncollagen-protein content + water m muscle (13). Muscle cell no. = DNA in muscle mass (in picograms)/6.2 (or DNA/nucleus). * = P <O.OOl when compared with normal. t= P <0.002.
2) Changes in brain at 35 days- Table  2 . The brain weight of the rats subjected to hypoxia was less than that for normal rats or for those undernourished from l-7 days (P < 0.005). This finding was due to a reduction in cerebellar weight (P < 0.005) in rats subjected to hypoxia. The weights of the cerebrum for each group were comparable. The DNA content of the cerebrum was slightly reduced for undernourished rats (P < 0.05). On the other hand, rats exposed to hypoxia had a gross reduction of RNA content and of the RNA:DNA ratio (P < 0.005). Gross changes were produced in the cerebellum by the previous hypoxia. The DNA and protein content were reduced and the ratio of protein : DNA was elevated (P < 0.005).
Unfortunately, the total RNA was not measured in the cerebellum.
Changes in somatic growth at 35 days. There was a significant reduction of skeletal collagen (P <O.OOl) in the rats previously exposed to hypoxia (Table 3) , but the amount of fat in the carcass increased (P < 0.001). The fat-free carcass weight, the carcass protein, water, and muscle mass were all reduced (P < 0.001). I n muscle, the cell population and total RNA content were reduced in hypoxic rats (P < 0.001) to a greater degree than for the malnourished rats. The liver weight, DNA, RNA, and protein contents were reduced in rats exposed to hypoxia (Table  2) , whereas malnourished rats showed some reduction in liver RT\JA content (P < 0.02) and an increase in the ratios of protein: DNA (P < 0.02) and RNA:DNA (P < 0.001). et al. (21) noted that at altitudes above 14,000 ft the growth of rats during the first 21 days was retarded and faulty lactation was considered to be the responsible factor. Timiras and associates (25) pointed out that the retarded growth at high altitude in neonatal rats was extended beyond the weaning period. They were disinclined to accept nutritional factors as being entirely responsible. In the present experiments rats were subjected to hypoxia from 1 to 7 days. This is a susceptible period and is prior to myelination (10). In hypoxic rats there was no increase in brain DNA content over and above that of a l-day-old rat; however, there was some increase in protein.
DISCUSSION

Moore
Thus, a major effect of hypoxia in the rat would appear to be on cell division as discussed previously (14 as to the degree of change (see (9) for review). Culley and Lineberger (9) concluded that changes due to food restriction up until the 11 th day in rats are reversible. The present study indicates no subsequent chemical changes in the cerebrum or cerebellum when the period of food restriction was from 1 to 7 days. Thus, it would seem reasonable to believe that hypoxia per se causes damage not only to cell multiplication in the brain but also to the R,UA production which in turn is important for protein synthesis (29). However, it is admitted that nutritional restriction is a concomitant factor. It is in the first week of postnatal life that the short granular cells (or neurons) are still multiplying in the rat cerebellum (3). Restricted nutrition in rodents up until the 17th day affects the cerebellar DNA content particularly (9, 17). By contrast, it has been shown by Jilek and co-workers (19) that the resistance to hypoxia decreases as age progresses and after the 20th day the rat is highly susceptible. In the youngest rats the phylogenetically oldest parts of the nervous system are damaged most. In the postweaning period it has been contended that restricted nutrition causes no loss of brain DNA content (13, 28) . Th' h is as not been our experience (15). In other tissues examined (muscle, liver, and carcass) the RNA contents were reduced in rats subjected to hypoxia 4 weeks previously, although there was a trend for the RNA: DNA ratio to increase while an actual elevation of the protein : DNA ratio was recorded previously in muscle (14) . In other words, growth of muscle is more related to cell size increase than to cell number increase-a situation which is compatible with a predominance of insulin over growth hormone 
